-The evolution of the sedimentary rcgime that prevailcd on the Armorican margin from Late Cretaceous to late Tertiary is herein discussed and interpreted. The scdimeniation budget of tour componcnts of the sediment: calcium carhonate, quartz, "less than 10 piii non carbonate material," and biogenic silica are quantified as is the coniposition of the coarse fraction and the textural properties of the sedimcnt. Variation of the coarse fraction components is directly rclatcd tri changc in the oceanic environment (terrigenous supplies. productivity, calcium carbonate dissolution). Sediment texture is a function of many factors, comprising Iithology, dissolution action. and hydrodynamic çontrol. 'l'hc medians of the silt fractions from bulk and decalcificd sediments arc uscd as indicators of variations of the hottom current intensity avcragcd ovcr long periods (n x 10" to n X 10.' yr) of time. From the study the following aspects of the evolution of the sedimentary regime are characterir.cd: 1 ) establishment of an active bottom current circulation durinp the early Eocene, concomitant with a clear thermal stratification ot the watcr masses;
INTRODUCTION ANALYTICAL IIHOCEDIIRES
An attempt is made within this paper to interpret the evolution of the sedimentary regime that prevailed on the Armorican margin ( Figure 1 ) from Late Cretaceous t o Quaternary time. For that purpose, new methodologies have been used t o quantify the sedimentation rates of four components of the sediment (calcium carbonate, quartz, "less than 1 0 prn non-carbonate material," and biogenic silica), to interpret the nature of sedimentary regime through visual examination and quantitative study of the coarse fraction of the sediment and to infer possible fluctuations of the bottom current regime from textural study of the silt fractions. Analytical procedures are described and the sedimentary sections a t Sites 402, 4 0 1 , and 4 0 0 are interpreted and, finally, the sedimentary evolution of the margin is considered. 
Ceneral Procedures
Samples of 5 to 10 cm:' of sediment were taken frorn cores on board R/V Glomcrr C h u l l e n~~r , with particular attention being paid to sedimentary structures that bore evidence of possible current actions. Following visual examination of the sample under the binocular microscope. the samples were split longitudinally into two parts, one being kept as archive. Smear slides and sedinicnt color evaluation were made on the second half, which was thcn dried at about 60°C in an oven. The dried sarnple was again split into two parts. One was wet-sieved through a 63-piil mesh. The coarse fraction was dried. weighed. and sicvcd (when it exceeded 1% of the total sample). T h e suspetihion containing the finer (less than 6 3 p m ) particles was evaporated and size distribution analysis wüs made of ihc residue. The other half was crushed in an agate mortar, and 0 . 2 5 0 g examined for calcium carbonate contcni (Bernard calcimeter); 0 . 2 0 0 g was used for X-ray diffraction analyses with an NaF interna1 standard. 
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Coarse Fraction Study
The sediment fraction coarser than 63 p m was separated by dry sieving into five classes; 63-125 p m , very fine sand; 125-250 p m , fine sand; 250-500 prn, medium sand; 500-1000 p m , coarse sand; > 1000 P m , very coarse sand.
Quantitative evaluations of the different components (Table  1 ) were then made on the reconstituted samples, by counting approximately 500 grains that had been separated with a microsplitter. From these counts the different percentages were computed. The planktonic foraminiferl benthic foraminifer (PFIBF) ratio was calculated and the state of preservation of the calcareous biogenic components (principally foraminifer) estimated.
Kagami, this volume); and hydrodynamic control (Hollister and Heezen, 1972; Ellwood and Ledbetter. 1977) . Textural variation of the silt fraction is assumed to bc a useful indicator of bottom current intensity fluctuation, averaged over a long period (n x I o to n x 10:' yr).
To distinguish between possible hydrodynamic and lithological control of the texture. the average of the median from bulk and decalcified samples, over given stratigraphie intervals was calculated. The correlation coefficient n Particle grain size distribution analyses were performed with an electronic particle counter (Coulter counter TA type), the measured particle dimension being the volume diameter, that is, the diameter of a sphere of equivalent volume. The range of dimensions lay-between 1.7 to 56 p m . but the texture of the silt fraction (8-56 p m ) in particular was emphasized.
For study of the <63 p m fraction. 9 cm3 were sampled from the suspension while it was submitted to mechanical agitation; dilution in about 250 cmz3 of water fo!lowed. Fifty cm3 of the diluted suspension was then mixed with 150 c d of filtered sea water, the entire procedure being repeated three times. The same procedure was done on the decalcified sediments. Nine cm3 of the suspension were treated with HCI (30%). After reaction, the sample was washed and centrifuged three times with distillated water.
At the end of the washing, p H values were about 7 to 8.
Sediment texture is a function of many factors, including lithological composition (Lisitzin, 1972) ; syn-and postdepositional transformations (Berger, 1974; Calvert, 1974 ; between these two values was then determined. Simultaneous increase of the median from the bulk and decalcified silt fractions of the sediment is, according to our hypothesis, suggestive of an increasing intensity of the bottom current. Increasing value of the correlation coefficient is also indicative of the pre-eminence of dynamic control on the particle size distribution, the intluence of the lithology andior dissolution action being subordinate.
The 25-pm rnedian value is situated approximately at mid-point between 1.6 and 57 p m on the logarithmic scale.
It corresponds thus to Rivière's (1952) "logarithmic facies." Lower rnedian values would indicate deposition through lack of competency, whereas higher median values suggest that the finer silt grade had either never been deposited or had been later eroded. An important criticism can be made to this approach, insofar as sedimentary processes of transport and sedimentation are concerned, which is that the particle dimension of equivalent settling velocity should be considered. It has been already shown (Berthois and Auffret, 1965 ) that settling velocities of quartz and mica of the same volume diameter in the range of 10 to 40 p m differ by a factor between 3 and 7. Particle size distributions derived from settling velocities would certainiy give different mean size parameters, but by taking into account settling velocities, the percentage of the coarser silt should be reduced inasmuch as their settling velocity could be lower than that of the sphere of same volume diameter. Particles of small volume, unless aggregated, would not have higher settling velocities, hence Our results, if compared to particle size distribution derived from settling velocities, would lead probably to overestimation of the coarser grade percentage and hence current intensity.
Accuracy of Textural Data
In order to evaluate the accuracy of the estimated values of the median, 30 measurements were made on two samples, repeating each of the steps of the analytical procedures following wet sieving of the sediment. The first sample gave an average of 2 1 p m and <rp = 2 p m the second, an average of 3 1 p m and <rp = 3.9 p m . Because we performed three measurements on each sample (two for the residual fraction). we estimated that the ? 2 s m confidence intervals (95% probability) are, respectively. about 2 and 5 p m in the first case and 3 to 6 p m in the second case.
Lithology
AI1 available lithological data, shipboard carbonate content measurements, X-ray and carbon-carbonate shore-based routine analyses, and Our own results (CaC0:i content, quartz content from X-ray analysis) have been processed-using a Hewlett-Packard computer, allowing us to draw synthetic lithological logs. The lithological composition of Our samples was evaluated through the following procedure (Table 2 ).
The curve of the carbonate content is first drawn from which we interpolate the foraminifers, nannofossils, and unspecified carbonate contents curves, using only Our results. Results from shipboard smear-slide examination were used only for checking. We interpolated the quartz content in the interval between Our results (semiquantitative evaluation with NaF interna1 standard) and results from X-ray routine analysis (mineralogical results from SNEA-Pau, this volume). The curve for the clay (plus other < 10 p m non-carbonate debris) is interpolated fiom our results. Siliceous biogenic components make up generally the complement to 100 per cent (this value is checked through smear-slide estimation) although a residual (under 5%) of unspecified material remained undetermined.
Partial Sedimentation Rates
Lithologic composition alone does not permit interpretation of the sedimentary sequence in terms of the sedimentation budget (Lisitzin, 1972) and we have used sedimentation rates (sec Site Chapters, this volume) to estimate partial rates for each component. 2 and 3, Tables 3A, 3B, The sediment of Sub-unit 1B accumulated at the rate of 1.2 cm/1000 yr. From bottom to top, carbonate accumulation rates increased with a slight concomitant decrease of the siliceous and terrigenous components.
SITE 402 (Figures
The median of the bulk silt fraction of the upper Eocene samples ranges from 21 to 2 4 p m Medians of the decalcified silt fraction are also low, averaging 18 p m . The lowermost upper Eocene is characterized by higher median values. This probably relates to a dynamic control, but the low value of the correlation coefficient (0.06) suggests that a dominantly weak bottom current regime prevailed during the late Eocene at Site 402.
The composition of the coarse fraction (Figure 3 ) of the upper Eocene samples indicates that most of the carbonate Güssov (1976) . Level O corresponds to the average depth of the present-day shelf break.
shallow water origin, abundant radiolarians in the coarse fraction. and reduced dissolution of the planktonic foraminifers, al1 of which suggest deposition in a relatively shallow area. At the top of the sub-unit the opposite is observed. Therein are laminations (that could be the consequence of less biolugical reworking). lower medians of the decalcified silt fractions, fewer radiolarians, and traces of dissolution a n the planktonic foraminifers. These observations point ta an increase in the water depth. Shipboard studies produced two interpretations of the paleoenvironment based on benthic foraminifer assemblages. The first assumes that the shallow water assemblage is autochthonous, and a deposition depth ranging from 200 to 500 meters. The second assumes that the fauna was reworked, leading to a water depth ranging from 1000 to 1500 meters. Nannofossil assemblages indicate a neritic environment, although they may also have been displaced into deep water. Because a water ciepth of 200 to 500 meters would probably have been amenable to other organisms, such as mollusks, bryozoans. etc., and because these are almost absent, we favor a water depth of at least 500 to 1000 meters during the earliest late Eocene. Debrabant et al. (this volume) 
Sub-Unit 1A
Sediment of Sub-unit I A is dominantly upper Pleistocene homogeneous calcareous mud or rnarly ooze of grayish olive ( IOY412) to light olive-gray ( 5 Y 5/2). Sediinentary structures include graded heds (Sample 2-1, 70-100 cm), terrigenous-rich gritty lamination!, associated with graded bedding and color changes (Sample 3-1 , 100-150 cm, Plate 1 ) . Manganese-coated ice-rafted gravels are present throughout.
These sedirnents were deposited in a canyon, where active reworking probably took place. Although poor corc recovery does not permit conclusions to be drawn on the change that may have altered thc sedinlentary regime during the course of the Quaternary. a detailed study of \orne of the gritty layers pre5ent at the top of the unit was made. Paleocene. They are comprised dominantly planktonic foraminifers (63 to 9 7 8 ) . Benthic foraminifers reach only 1.3 per cent, but some ostracodes are present and the terrigenous components increase upwards. The planktonic versus benthic foraminifer ratio remains stable and suggests low dissolution. Two samples are characterized by a siliceous component, comprising radiolarians and sponge spicules.
Average median of the silt fractions for the bulk sediment and the decalcified sediments are 28 p m and 19 p m , respectively . The correlation coefficient (0.26) points to slightly hydrodynamical sorting by bottom currents.
Sub-Unit 3A (Core 13 upper portion to Core 11, Section 2) Lower Eocene light brown to grayish orange nannofossil chalk and marly nannofossil chalk dominate the section. The sedimentation rate (0.5 crni1000 yr) is identical to that of the upper Paleocene. Mottling is moderate and the section is characterized by numerous slickensided fractures and inclined contacts. Noteworthy is the occurrence of a cellophane layer at the base of the unit (Plate 2).
Coarse fraction contents are relatively high and range from 2 to 15 per cent. It comprises about 80 per cent planktonic foraminifers. and up to 3 1 per cent radiolarians in Sample 11-4, 25-31 cm; siliceous components are lacking in othcr samples. The average of the silt medians for bulk samples is almost identical to those of Unit 3 ( B + C), but the dispersion is less (crx = 2.8 against 5 p m ) The average decalcified silt median (20 p m ) is also close to the preceding unit, but is more dispcrsed (a = 3.1 against 1.7 p m ) . Correlation between median of both fractions (y = -0.02) is poor. These observations indicate that deposition of the lower Eocene sediment occurred under a rclatively weak bottom current regime and a moderate dissolution rate.
C'nit 2
Sub-Unit 2B (Core 11, Section 1 to Core 5) This section comprises middle Eocene pale olive (10 Y 612) to greenish gray ( 5 G Y 611) nannofossil chalk that accumulated at the rate of 1.3 cml1000 yr. They are separated from the upper Eocene by a 1.8-m.y. hiatus. The sediments of Cores 10 and 9 are devoid of sedimentary structures with the exceptions of few Zoopphvcos burrows. Core 8 is both laminated and burrowed. Core 7 is laminated and sediments of Cores 6 and 5 are moderately to intensely burrowed (Plate 2).
Coarse fraction contents are higher at the beginning and at the end of the middle Eocene ( 5 to 10%): they average 2 per cent through the middle Eocene. The carbonate fraction is dominant, with the exception of Samples 9-2, 137-140 cm and 8 -3 , 106-109 cm, where the siliceous component is more abundant. The carbonate comprises dominantly planktonic foraminifers. the PFJBF ratio ranges being between 20 and 50: benthic foraminifers range between 1 and 3 per cent. hence variations of the PFJBF ratio are related to fluctuations in the abundance of the planktonic foraminifers which may be related to dissolution: this appears to have been less pronounced by the end of the middle Eocene where the siliceous component ranges from 12 to 49 per cent. Radiolarians (sometimes badly preserved) are abundant ranging from 23 to 43 per cent: sponge spicules reach up to 5 per cent. Pyrite is abundant in Core 9; fish debris although rare is always present, amounting to 1 per cent in Sample 10-7, 16-18 cm. The general impression that results from the examination of the coarse fraction is that deposition of these sediments occurred in a context of high pelagic productivity. Average median of the bulk and decalcified silt are almost identical to those of Unit 3 , but the medians of the decalcified silt are less dispersed and there is also a slight increase (0.18 against -0.02) of the correlation coefficient. These observations indicate that the sedimentation rate increase that occurred at the lower-middle Eocene boundary resulted from increasing terrigenous supply and decreasing dissolution rates. The evolution occurred within a predominantly weak bottom current regime and the middle-upper Eocene hiatus at this site does not appear to have been preceded by increasing bottom current or dissolution rates.
Sub-Unit 2A (Cores 4 to 2)
The sub-unit consists of upper Eocene and lower Oligocene light greenish gray ( 5 GY 8\11 nannofossil chalk, that accumulated at the approximate rate of 0.7 cm/ 1000 yr. The coarse fraction ( 2 to 7%) is composed mostly of planktonic foraminifers (75%) and radiolarians (8%). The medians of the bulk silt fraction are high ( 3 1 and 28 p m ) but those of the decalcified samples are low ( 19 and 18 p m ) . In view of the few samples available no hypothesis about the environmental conditions can be deduced. The coarse fraction (22%) of these samples comprises dominantly planktonic foraminifers. In Sample 1-1. 50-52 cm, it accounts for 40 per cent and is characterized by the presence of rounded (13%) and reddish (4%) quartz (limonite coated ?) suggesting a shallow water origin for at least part of the material.
Medians of the silt fraction are, respectively, 29 and 32 p m for the bulk and 18 and 23 p m for the decalcified silt,. indicating active bottom current; the gradational nature of the basai contact also favors a contourite rather than a turbiditic origin for this level.
The recovered section illustrates well the changing sedimentary regime that prevailed on the margin during Quaternary time. Detailed study of Core 1. Section 1 shows that minor cycles related to variation of the terrigenous supply occurred during periods of high carbonate production.
Discussion
Our observations suggest that the deposition of Upper Cretaceous and Paleocene sediments occurred in a regime of relatively active bottom currents and low dissolution rates. It appears that the Maestrichtian-lower Paleocene as well as the lower-upper Paleocene hiatuses resulted probably from active bottom current andlor slope instability. During the late Paleocene (Sub-unit 3B), dissolution rates increased as was also noticed at Site 400 during the same period. The increase of the sedimentation rates that occurred during the middle Eocene resulted from the conjunction of increasing terrigenous supply and a possible decrease of the dissolution rate. It thus appears that the rniddlelupper Eocene hiatus was not preceded by increasing bottom current intensity or dissolution rate. Late Quaternary sediments are characterized by fluctuations of the carbonatelclay ratio that probably reflected climatic and eustatic changes. This section is composed of reddish yellow upper Campanian to lower Maestrichtian, marly nannofossil chalk, and white to bluish white Maestrichtian chalk. Interbedded upper Paleocene calcareous mudstone. marly nannofossil chalk, and nannofossil chalk of grayish orange color (5 YR 712) comprise Sub-unit 2D. They accumulated at the rate of 0.5 cm 11000 yr.
UPPER CRETACEOUS TO QUATERNARY SEDIMENTARY PROCESSES
In the coarse fraction of the Paleocene sediments ( Figure  6 ). siliceous components are abundant (79 to 90%). Sample 57-2, 32-34 cm contains abundant planktonic foraminifers, showing traces of dissolution; at this level calcareous spicules, fish debris, echinoid and coral fragments, bryozoans, ostracodes. large angular or rounded quartz, and glauconite also occur. It appears that this sediment is constituted of a mixture of an in-situ pelagic component (deposited under or near the foraminifer lysocline) and shallow water reworked sediments. In contrast, the coarse fraction of the upper Maestrichtian chalk is dominantly calcareous (59% unspecified carbonate, 30% planktonic, and 8% benthic foraminifers) and indicates a low dissolution rate. The median average of the bulk (24 p m ) of upper Cretaceous to Paleocene samples is badly correlated, indicating that the environmental conditions during Late Cretaceous to Paleocene evolved from low to high dissolution rates, whereas the bottom current activity was moderate to low.
Sub-Unit 2C (Cores 55 to 48)
Lower-middle Eocene siliceous mudstone comprises most of Sub-unit 2C; it accumulated at the rate of 1.3 cm/1000 yr. Siliceous biogenous remains reach peak concentrations up to 40 per cent in gritty layers. CaC0:i exhibits a maximum value at the base of the unit and in Core 52 so that marly chalk generally prevails in these intervals (Plate 4). This part of the section is typified by variegated greenish gray, light brown, and grayish orange sediment. Evidence of slumping and small-scale faulting occurs throughout the section: a reworked Lower Cretaceous pebble is present in Sample 48-3, 0-10 cm (Plate 4).
In the coarse fraction, siliceous components range between 16 and 99 per cent and comprise mainly radiolarians. Spicules reach up to 40 per cent at the top of the unit (Sample 4 7 -6 , 08-100 c m ) which is also characterized by a high percentage (65%) of manganese debris. Carbonate components range between 1 and 17 per cent and consist mainly of unspecified debris; benthic and planktonic foraminifers are rare (6% and 4%. respectively). The benthic foraminifers at Sample 47-6, 98-100 cm are broken and probably reworked. Quartz is rare (up to 7%) and manganese is abundant (7%) in Sample 47-6, 98-100 cm. It occurs in this sample as fine debris or as coating on radiolarian tests. Muddy aggregates are also abundant and appear to be most abundant in the vicinity of hard porcellanite layers which may be related to diagenic transformation. Dissolution apparently was low during early and middle Eocene. Also noteworthy is the occurrence of spicules and rnanganese debris in the uppermost middle 
(' -a ) pyrite concentrations, and abundant fecal pellets. The sequence accumulated at rates ranging from 2.2 cm11000 yr in middle-late Miocene to 5 cm11000 yr during the Pliocene. The carbonate content of the coarse fraction provides evidence of high dissolution rates during middle and late Miocene (low PF-BF ratio). Noteworthy is the occurrence of abundant algal cysts (Rogl and Hochuli, 1976) Predominantly weak bottom current conditions prevailed during middle-late Miocene, and low PF-BF ratios indicate a high dissolution rate. In contrast, lower Pliocene sediments were deposited under a predominantly active bottom current regime while carbonate dissolution decreased. The sedimentation rate increase that occurred at the Miocene/Pliocene boundary may have been favored by lowered dissolution and increasing terrigenous supply.
Sub-Unit 1A (Hole 400A, Cores 6 to 1) This sub-unit consists of alternating upper Pliocene to Quaternary nannofossil ooze and rnarly ooze deposited at the rate of 5.4 cm11000 yr. It is distinguished from Sub-unit 1B on the basis of lower CaC0:r content. The nannofossil G . A. AUFFRET. L. PASTOURET ooze occurs in beds on the order of 0.5 to 1 meter thick, separated by 25 to 50 cm thick (or less) beds of marly ooze. In many cases the marly zones are color banded at a still finer scale (5-10 cm) (Plate 3). These changes correspond approximately to periods of time on the order to 20,000 years that may be related to climatic cyclicity.
The uppermost sediments recovered at Site 400 consist of alternating late Quaternary nannofossil ooze and diatomaceous nannofossil ooze. Samples 4-4. 88-90 cm and 6-2, 78-80 cm are, re?gectively , late Pliocene homogeneous light olive-gray ( 5 Y 611) marly nannofossil ooze and light gray ( N 7) nannofossil ooze. The textural parameters ( 2 1 -19 and 22-18 p m ) , respectively, suggesi low bottom current conditions. Samples 400A-2-2, 122-123 cm and 2-2, 125-126 cm belong to an interval of coarse silt; they are marly ooze. the coarse fractions (35 to 40%) of which comprise angular quartz (28 to 52%) and planktonic foraminifers (25 to 59%). The high proportion of these two coniponents suggests erosion (or non-deposition) of the finer size grades. The median of the silt fraction (25-25 p m or 24-20 prii) also suggests a relatively active current regime. These levels may be interpreted as contourite-type deposits. Sample 1-1 , 48-50 cm is a dusky yellow ( 5 Y 6/41 marly foraminifer nannofossil ooze that constitutes the base of a 20-cm-thick sequence of greenish gray to grayish orange nannofossil ooze. According to the shipboard report, it could comprise as much as 10 per cent organic carbon; diatoms account for up to 5 per cent and the coarse fraction consists of 80 per cent planktonic foraminifers. 2 per cent radiolarian, and 10 per cent pyrite. According to its textural parameters. this sediment was deposited under relatively mild currents. The high terrigenous, diatom, and organic niatter content indicates that it may have resulted from a high productivity episcide. Samples 400-1-1 , 60-62 cm and 400-1 -1 , 85-87 cm are marly ooze deposited also under low bottom current conditions.
In suminary, the sediments of Core 1 were deposited during a period of weak bottom current activity, reduced dissolution, and occasional high productivity rates. Discussion (Figure 2 ; Table 6) A pelagic sedimentary regime. characterized by low dissolution rates, prevailed during the laie Maestrichtian, thus the IO-m.y. e x l y Paleocene hiatus does not appear to be a consequence of a high dissolution episode. In the Paleocene, bottom current activity remained low to moderate, while the dissolution rate increased. During lower and middle Eocene, an enhancement of the bottom current intensity occurred. while dissolution decreased. The increase of the sedimentation rate from 0.5 cm/1000 yr in late Paleocene to 1.3 cm/1000 yr in early-Eocene is a consequence of decreasing dissolution rates and increasing terrigenous supply and productivity. The late Eocene hiatus appears to have been the consequence of erosion by bottom currents. The abrupt lithological change that occurs at the base of the lower Oligocene probably reflects a major event of the evolution of the northeast Atlantic. An active (though highly fluctuating) bottom current regime and moderate dissolution rate prevailed during this time. Evidence for the occurrence of turbidity currents at that time is not obvious, but the possibility cannot be ruled out in the present state of study.
During early Miocene, bottom current intensities were predominantly high. and interbedded claystones point to the occurrence of episodic rise of the CCD. The intra-lower Miocene may have resulted as a consequence of the conjunction of these two influences. Bottom current intensities decreased during middle-late Miocene, while high dissolution prevailed. The increase of the sedimentation rate from I cm/1000 yr in the early Miocene to 2.2 cm/1000 yr in middle Miocene, in spite of the high dissolution rates, implies increasing productivity and terrigenous supply. At the onset of the early Pliocene bottom current intensity increased notably, but decreasing dissolution and increasing terrigenous supply lead to a marked increase of the sedimentation rate (2.2 to 5.3 cm/ 1000 yr).
STRATIGRAPHIC EVOLUTlON Upper Cretaceous
The lowermost Upper Cretaceou4 hiatus that occurs at the three sites is a prominent feature of the margin stratigraphy. At Sites 401 and402, it happenedduring the transition from a neritic (Pastouret et al.. 1974: Pastouret and ) to a pelagic sedinientary regime, in a period of rising 4ea level (Cenomanian transgression) and low terrigenous supply from a continental area of low relief. At Site 400, the origin of the hiatus is questionable; possibly slope instability was one of the involved factors. Hiatuses in the lowermost Upper Cretaceous are common in the North Atlantic (Hollister, Ewing, et al.. 1972: Rona. 1973: Auffret and Pastouret. in press) . The occurrence of this hiatus in varied physiographic situations and its wide extension suggest that it may signify a large-scale oceanic event. It is well known that major changes affected the sea-tloor-spreading regime in the North Atlantic during the Albian, including onset of sea-tloor spreading in the Bay of Biscay (Williams. 1975 : Olivet et al., 1976a . These could have affected the hydrologie and physiographic realm and led to non-deposition. The modnlities of such an alteration of the sedimentary regime are still poorly understood.
At Site 401. the Campanian and Maestrichtian grayish orange laminated nannofossil chalks accumulated at a very slow rate (0.2 cm/1000 yr); dissolution rates were low, while active bottom current dominantly prevailed. At Site 400, reddish yellow marly nannofossil chalk and white to grayish orange marly calcareous chalk of late Maestrichtian age occur above the hiatus. Low dissolution rates and low bottom current activity prevailed at this site during this time. At Site 402. no Upper Cretaceous sediment has been recovered. The reduced thickness of the recovered Upper Cretaceous sections is also confirmed by the rarity of Upper Cretaceous rocks dredged from the margin. Where they do occur, they consist of condensated section, such as the phosphatic crust superimposed on granite outcrops at about 3000 meters depth on the Goban Spur (Pautot et al., 1976: Auffret et al., this volume) .
The much reduced thickness of the uppermost Cretaceous sections from continental margins often has been reported (Rona, 1973; Worsley, 1974) . The latter author suggests that a global climate deterioration may have been responsible for the sudden extinction of many biologic groups. Colder surface water (14°C) during this time has been reported by Létolle et al. (this volume) . Also noteworthy is the fact that accumulation of sediment during Campanian and Maestrichtian was contemporaneous with the beginning of the regression; this in turn may have favored an increase of terrigenous and biogenic supplies.
Paleocene
At Sites 401 and 4 0 0 , increasing surface water productivity characterized the margin environment at the onset of the Cenozoic, but the sediments at Site 400 appear to have been submitted to more active dissolution and to a less active bottom current regime than those at Site 401. This suggests that the foraminifer lysocline level was at a water depth somewhere between those of the two sites (a situation not so much different from today's; Auffret and Pastouret, 1977) . Nevertheless, the average Jate Paleocene carbonate sedimentation rates ( Figure 2) were almost identical at Sites 400 and 401. lmportant paleogeographic events that affected the northeast Atlantic occurred during the Paleocene (Greenland-Iceland separation, Montadert et al., 1977) . lncreasing terrigenous supplies, and the occurrence of attapulgite and sepiolite suggest a warm and humid climate; warm surface waters are also reported by Létolle et al. (this volume) . These observations suggest that, in the uppermost Cretaceous and Paleocene time, formation of cold bottom water was initiated in the northern area, while circulation of warm surface water from a southern origin was activated, thus starting the process of commotion in the ocean (Berggren and Hollister, 1977) .
Eocene
Lower and middle Eocene sediments were recovered at Site 400. At Site 401, lower, middle, and the uppermost Eocene are present; in contrast, at Site 402, upper Eocene only was recovered, superimposed on Albian shallow water lirnestone. Thus, the upper Eocene hiatus appears to have had its maximum development in the deeper parts of the margin. Figure 2 shows the parallel evolution of the carbonate, silica, clay, and quartz sedimentation rates at Sites 400 and 401 during early and middle Eocene time. Silica sedimentation increased markedly at both sites during this period. During late Eocene time, carbonate sedimentation rates were slightly higher at Site 402 than at Site 401, whereas the silica accumulation rates were about four times greater in the former, thus pointing to the possible influence of a near-shore area.
The sedimentary regime during early middle Eocene was characterized by a more active bottom current regime at Site 400 than at Site 401, a situation opposite to that during the Paleocene. During middle Eocene dissolution decreased slightly which favored increase of the sedimentation rate observed at Site 401, supplemented also by increasing terrigenous and biogenic siliceous supplies. The increase in terrigenous supply could in turn be related to tectonic activity in the Pyrenean.
The strengthening of the bottom water circulation during the Eocene has been attributed by Berggren and Hollister (1977) to the onset of the overflow of the Norwegian Sea bottom water above the Iceland-Faeroe Ridge. However, according to the result of Leg 38 (Talwani, Udintsev, et al., 1976) this ridge subsided substantially below sea level only in middle Miocene time. Laughton, Berggren, et al. (1972) interpreted the upper Eocene hiatus to be a result of the Pyrenean orogeny but, as in the lowermost Upper Cretaceous, it may have a more general significance. Effectively, Olivet et al. ( 1976b) pointed to the occurrence of a middle to upper Eocene acoustic unconformity in a large area offlberia and in the Bay of Biscay. Moreover, according to Sheridan (1976) a break in the sedimentary regime occurred also on the western margin of North Atlantic as a consequence of a change in sea-floor-spreading regime in the North Atlantic. Hence it seems highly probable that the late Eocene hiatus in the Bay of Biscay is related to an event of oceanic rather than regional scale.
Oligocene
Important changes occur in the Oligocene section, particularly at Site 400 where greenish gray siliceous marly nannofossil chalk overlies the dominantly orange pink Eocene chalk. In addition, there is a marked change in the silica component wherein sponge spicules became predominant instead of radiolarians, and the dissolution rate notably increased. At Site 400, episodes of high bottom current intensity probably were responsible for the deposition of the coarse layers that consist mostly of sponge spicules. Dissolution at this site was moderate; at Site 401 it seems to have been mainly low during the same period. The high bottom current intensity and moderate dissolution rate resulted in the low sedimentation rate (0.35 cm/1000 yr) observed at Site 400. This evolution is concomitant with a severe cooling of surface and bottom water masses ( 1 1" and 7.5"C. respectively, Letolle. this volume). This is the time of the settling of the psychrosphere (Benson, 1975; Ducasse and Peypouquet, this volume) ; a geochemical break is also observed at this level ( Debrabant et al., this volume) . This global cooling of the hydrosphere is contemporaneous with the onsrt of the formation of sea ice in the Southern Hemisphere 38 m. y. ago, near the EoceneIOligocene boundary, and of a general drop of the CCD in the equatorial zones (Kennett, 1977) . It is very probable that the abrupt change in the lithology during the early Oligocene in the Bay of Biscay is a consequence of a northward extension of the influence of the Antarctic Bottom Water Current.
Miocene
Lower Miocene is present at Site 400. It comprises interbedded nannofossil chalk, claystone, siliceous marly chalk. and siliceous mudstone. The accumulation rate increased notably compared to the Oligocene ( 1 .O c d 1 0 0 0 yr). High dissolution rates are deduced from observation of the coarse fraction; bottom currents, although fluctuating, were still active. The lower Miocene regime thus appears to have been a continuation of that of the Oligocene, with the exception of the enhancement of calcium carbonate dissolution. The intra-lower Miocene hiatus hence may be related to high dissolution rates andior strengthening of the bottom currents. Tectonic instability at the Oligocene/Miocene boundary has been reported from the Aquitaine Basin (Dupouy-Carnet, 1952 ), but at the lower-middle Miocene boundary 114 m.y. Langhian) the currents, the role of turbidity currents being subordinate. southern margin of the European plate was affected by an Marly calcareous ooze, calcareous ooze, and calcareous important tectonic phase; Olivet et al., 1976b) attribute to mud have been also recovered at Site 401; they appear also this event an acoustic retlector unconformity in the Bay of to have been deposited under a relatively active bottom Biscay. A hiatus also has been observed in early Miocene at current regime and do not imply turbidity current activity. Site 118 (Laughton, Berggren, et al., 1972) .
lnterbedded Quaternary nannofossil ooze, marly ooze, The high terrigenous supply and productivity rates that and calcareous mud sampled at Site 400 appears to have are characteristic of Miocene are probably a consequence of been controlled by bottom current of fluctuating intensity. high erosion rates on the uplifted continental area; middle
No evidence of turbidity current activity has been observed. and late Miocene arc characterized by a further increase in It thus appears that the role of turbidity currents was the accumulation rates ( 2 . 2 cmIl000 yr). In middle subordinate-at the three sites. Although furiher study is to Miocene, contribution of the silica component to the confirm this point, it is clear that their physiographic accumulation rate decreased slightly. This was a time of location may explain such a paucity. Sites 402 and 401 are predominantly pelagic carbonate regime, weak bottom both on a sedimcntary apron, and Site 400 seerns to have currents and moderate to high dissolution rates, which agrees well with the CCD rise proposed by several authors (Heath. 1969; Berger, 1974: Berger and Winterer, 1974; van Andel et al., 1975) . Furthermore. this high dissolution episode occurred at a time of predominantly low bottom current repime and possibly low water mass turnover. During the late Miocene, the terripenous supply dixtinctly increased. possibly as a consequence of the worldwide rcgression related to the development of the Antarctic ice shcet ( Kennett. 1977) . Isolation of the Mediterranean basin been protected by a topoiraphic barrier from turbidity currents tlowing down the Blackmud canyon.
Summary
The sedimentary evolution of the Armorican margin is characterized by two cycles wherein a period characterized by low sedimentation rates (Upper Cretaceous to lower Paleocene, and Oligocene) was followed by a period of increasing sedimentation rates (upper Paleocene-middle Eocene. Mioccne to Quatcrnary). The duration of the period is probably thercin linked (Berggren and Hollihter, 1977) . of reduced accumulation rates or hiatuses are. respectively, Increased sedimentation on the upper slope. reported by about 40 m.y. and 22 m.y. The two periods of active Peypouquet (1977) in the Aquitaine basin, indicate a deposition were, rehpectively, about 10 and 22 m.y. long. prograding margin (and a tectonic uplift ?) resulting in the The durations of the two cycles are. respectively. 50 and 44 tranhition from epibathyal (600-800 rn) to a littoral m.y. The t'irst one niay be related to the thernial subsidence environrilent during the course of the Miocene.
01' the margin (Slccp, 197 1 ) and is in good agreement with the onset of spreading in the Bay of Biscay in Albian time.
Pliocene
The second phase of reduced accumulation rate (or At Site 400 the lower Pliocene section consists of hiatus) in the late Eocene-Oligocene is apparently related to nannofossil ooze and marly nannofossil ooze that were a strengthening of the bottoni water circulation that may be depohited under the control of active bottom currents and related to the initiation of the tlow of the Antarctic Bottom decreasing dissolution. These two observations are Current. Changing paleogeography during the Miocene in consistent with an increasing turnover rate of the water relation to Alpine orogeny and the onset of the overilow masses. As a consequence of higher terrigenous supply and reginle over the lceland-Gotland Ridge resulted in a new of lesser dissolution the sedimentation rate increased from 1 episode of high sedimentation rates. to 5.3 cm/ 1000 yr. The upper Pliocene nannofossil ooze and marlv nannofossil ooLe are interbecidrd at a~~r o x i n i a t e l v 1 CONC1,I'SION . .
meter. These rhythmic changes represent an approximate In this chapter, we have used our analytical results duration of 20,000 years. The alternation may be a (lithology and textures) to reconstruct the sedimentary consequence of climate oscillation, from cold dry periods evolution at the three sites drilled on the Armorican margin. (nannofossil ooze) to temperate and humid (marly nannofossil ooze) times. The appearance of this cyclic change during the late Pliocene corresponds with the onset of the glaciation in the Northern Hemisphere, 2.5 to 3 m.y. ago (Berggren and Hollister, 1977; Kennett, 1977) .
Quaternary
As a consequence of poor core recovery, and of the varying conditions that are characteristic of this period. the following remarks are made only as example of some of the It appears to us that the textural properties of the sediment (and more particularly their silt fraction) may record the fluctuation of bottom currents, and is consequently of primary importance for reconstruction of past oceanographic conditions. It is evident, however, that it is only by the confrontation of al1 data, including sedimentation rates, sedimentary structures, bulk mineralogy, composition of the coarse fraction, etc., that one can decipher the signification of the recovered sediments. In the course of this study, numerous limiting factors have arisen, such as the statistical sedimentary regime that prevailed on the margin during significance of the textural data, and the influence of the Quaternary time.
lithological composition on the textural parameters. AlCalcareous mud and marly ooze were sampled at Site though the agreement of Our conclusions with those derived 402. An active bottom current regirne appears to have been from other methods is generally good, we conclude that prevailing during their deposition. It appears that the study on a finer scale should be undertaken in order to avoid sedimentary structures observed (graded beds, coarse this bias. From this study, important aspects of the evolulaminae) could be the result of transport by oceanic bottom tion of the sedimentary regime are:
UPPER CRETACEOU S TO QUATERNARY SEDIMENTARY PROCESSES 1 ) a low sedimentation rate in the uppermost Cretaceous related t o a possible climate deterioration and high sea level;
2) settling of a n active bottom current circulation during the early Eocene at Site 400, concomitant with a clear thernial stratification of t h e water masses;
3) highly fluctuating bottom current regime during the Oligocene, spicule-rich "contourites" being e m p l a c e d during periods of active bottom current; 4) important changes in the sedimentary regime at the e a r l y -m i d d l e M i o c e n e b o u n d a r y c h a r a c t e r i z e d b y decreasing bottom currents and an abrupt increase in the sedimentation rates (in spite of high carbonate dissolution); 5) active bottom current. decreasing dissolution a n d marked increase of the scdimcntation rate in the enrly Pliocene.
The lowermost Upper Cretaceous hiatus a n d the upper Eocene hiatus are probably the result of t h e hydrologie and physiographic environment o n an oceanic scale.
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